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AIR-LAID UNITARY ABSORBENT LAYER 

Field of the Invention 

The present invention relates to an absorbent layer and methods for making 
the same and, more particularly, to an air-laid unitary absorbent layer. 

T^arlf p rnimri of the Livention 

Cellulose fibers derived from wood pulp are used in a variety of absorbent 
articles, for example, diapers, incontinence products, and feminine hygiene products. 
It is desirable for tiie absorbent articles to have a high absorbent capacity for liquid, as 
weU as to have good strength characteristics for durability. In addition to absorbent 
capacity, the ability to rapidly absorb a liquid is a desirable characteristic of an 
absorbent article. For example, diapers and other hygienic products that do not 
contain a dedicated liquid acquisition component suffer from measurable unne 
containment problems as well as rewet, that is, the feeling of dampness to touch after 



use. 



15 One solution to the problem of providing absorbent articles that possess tiie 

advantageous properties of high absoitent capacity, rapid Uquid acquisition, and 
superior rewet performance has been tiie production of absorbent articles that 
combine an acquisition layer with one or more other layers. For example, tiie 
combination of one layer having rapid liquid acquisition characteristics with another 
20 layer having high absorbent capacity results in a product that offers tiie advantages of 
both layers. 
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A recognized problem with conventional acquisition layers is their tendency to 
collapse upon wetting. Such a wet coUapse impairs the permeability of the structure 
and can result in liquid leakage from the absorbent article. 

Another recognized problem with cellulosic-based acqu.sit.on layers that are 
air laid on diaper lines is their relatively poor dry and wet integrity. Upon movement 
and/or wetting, the acquisition layers can crack, bunch, and 
adversely affect fluid transfer between the layers and significantly impac^ the lay^s 
fluid-hJdUng capability. Furthermore, consumers react negatively to bunched 

has also been recognized that forming fibrous webs that contain high levels 
of crosslinked cellulosic fibers and/or in combination with synthetic fibers is difficult 
because of the flocculent nature of the fibers. In addition, due to the ow density of 
le fibers. large quantities of such webs having appreciable roll life for diaper hne 
production are difficult to provide. ,u ♦ he 

Accordingly, there exists a need for an acquisition layer that can be 
incorporated into an absorbent article that has enhanced dry and wet mtegr^ty^ 
i^Zsed resistance to wet collapse, and provides increased penneabihty and poro^ 
I effect the rapid acquisition and distribution of acquired liquid and improved .we 
performance. A need also exists for delivering such a material m a form which 
'^Z the material handling problems associated with bullcy webs. The present 
invention seeks to fiilfill these needs and provides fiirther related advantages. 

Riimmar y of th e Invention 
The present invention is an air-laid unitary absorbent layer that includes a 
fibrous material and a binder. In a preferred embodiment, the absoitent l^er mc^^^^ 
5 a thermally bonded mixture of crosslii^ed cellulose fibers and ^^^^^^^^^ 
binding fibers. In combination with one or more other layers m - ^^'^^-^^-^ 
the u Jtary absorbent layer can rapidly acquire, distribute, temporanly store, and then 
release the acquired liquid to other liquid retention layers. 

priAf nftsp.ri ption of thR Drawings 
30 Tta fbregotag aspects .nd many of .he attendant advantages of .Ms invention 

become more readily appreda,ed as same becomes better unde,s«»^ ^ 
to the following detailed descdption. when taken m conjunctton w,th «.e 
accompanying drawings, wherein: 

HGURE 1 is a schematic view of one absorbent arUde mcorporatmg an 
35 unitary absorbent layer produced in accordance with the present invention; 



25 
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nGURE2 is a schematic view of another absorbent article incorporating an 
unitary absorbent layer produced in accordance with the present invention; 

FIGURE 3 is a schematic view of still another absorbent article incorporating 
an unitary absorbent layer produced in accordance with the present invention; 

FIGURE 4 is a schematic view of yet another absorbent article incorporating 
an unitary absorbent layer produced in accordance with tiie present invention; and 

FIGURE 5 is a schematic view of another absorbent article incorporating an 
unitary absorbent layer produced in accordance with the present invention. 

r>Ma;ipr1 Dftsmotion of the Preferred Embodiment 
In one aspect, the present invention provides an air-laid unitary absorbent 
layer that includes a fibrous material and a binder. Generally, the fibrous matenal 
includes one or more hydrophiUc fibers and, optionally, additional fibers such as 
hydrophobic fibers including synthetic fibers. The unitaiy absorbent layer of this 
invention has increased wet and dry integrity and improved pore size umfonmty 
compared to conventional acquisition layers. The unitary absorbent layer of the 
present invention can be incorporated into a variety of absorbent products and articles 
to increase the liquid acquisition rate, improve tiie rewet performance, and enhance 
the wet and dry integrity of the absorbent article. Thus, the unitary absorbent layer is 
an absorbent layer that is usefiil as an acquisition layer in absorbent products. 

In another aspect of the present invention, a metiiod for producing an air-laid 
umtary absorbent layer is pro^nded. 

In addition to serving as an acquisition layer that can rapidly acquire fluid and 
reduce rewet. because of increased permeability and pore size uniformity, the unitary 
absorbent layer of the invention can also seive as a distribution layer that transports 
liquid from the site of insult throughout the composite, and then ultimately to a highly 
absorbent core or permanent retention layer. Furthermore, because of ti.e substantial 
absorbent capacity of tiie composite's fibrous material, tiie unitary absorbent layer can 
also serve as a storage layer. Thus, when configured in combination with other layers 
in an absorbent construct, the unitary absorbent layer serves as a temporary storage 
layer that can rapidly release liquid to otiier core or retention layers. As used herein, 
tiie term "temporary storage" refers to tiie ability of a material to temporarily provide 
holding capacity for a liquid until an external force drains the fluid from the matenal 
The external force can be. for example, greater capUlary pressure or otherwise exerted 
by an adjacent storage layer. 
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Generally, the unitary absorbent layer of the present invention includes a 
fibrous material in combination vdth a binder. As used herein, the term "fibrous 
material- refers to any material that includes one or more hydrophihc fibers and, 
optionally, additional fibers such as hydrophobic fibers including synthetic fibers. 
5 Synthetic and/or hydrophobic fibers can also be included in the absorbent layer 
provided that the overall composite remains relatively hydrophilic and maintains the 
advantageous properties of wet integrity and permeabiUty characteristic of the unitary 
absorbent layer of the present invention. In a preferred embodiment, the hydrophihc 
fibers include ceUulosic fibers, and more preferably crosslinked ceUulosic fibers. 
10 Suitable and preferred ceUulosic fibers are described below. Generally, the fibrous 
material is present in tiie layer in an amount ranging from about 5 to about 95% by 
weight of the total layer. Preferably, the fibrous material is present in the absorbent 
layer in an amount ranging from about 70% to about 90%. and more preferably about 
80%. by weight of the total layer. 
15 In addition to the ceUulosic fibers noted above, synthetic fibers can also be 

included in the unitary absorbent layer of the present invention. Suitable synthetic 
fibers include, for example, polyethylene terephthalate (PET), polyethylene, 
polypropylene, nylon, and rayon fibers. 

For the unitary absorbent layers of this invention that include synthetic fibers, 
20 the performance of the composite has been found to be dependent upon a number of 
factors including the length, denier (g/m). and physical nature of the syntiietic fibers. 
Suitable synthetic fibers usefiil in forming the layer can have a length up to about 0.75 
inch and preferably have a length between about 0.25 and about 0.5 inch. Suitable 
fibers include fibers having denier up to about 40 denier, and preferably between 
25 about 5 and about 20 denier. While straight fibers can be advantageously used m the 
formation of the layer, in a preferred embodiment, the fibers are crimped. 

CeUulosic fibers are a basic component of the unitary absorbent layer of with 
the present invention. Although available firom other sources, ceUulosic fibers are 
derived primarily from wood pulp. Suitable wood pulp fibers for use with the 
30 invention can be obtained from well-known chemical processes such as the Kraft and 
sulfite processes, witfi or without subsequent bleaching. The pulp fibers may also be 
processed by thermomechanical, chemitiiermomechanical metiiods, or combinations 
thereof The preferred pulp fiber is produced by chemical methods. Ground wood 
fibers recycled or secondaiy wood pulp fibers, and bleached and unbleached wood 
35 pulp fibers can be used. The preferred starting material is prepared from long fiber 
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coniferous wood sp^ies. such as sou*em pin^ Douglas fir, spruce, and hcmlo* 
Deuas of the production of wood pulp fibers are weU-known ,0 those Med n. the 
fibL are conunerdally available <^om a number of co.pan,es mCudrng 
Weyerhaeuser Comp»^. the assignee of the present invention. For example, suu^l 
celllse fibers produced from southem pine that are usable with the P'^ -^ 
are available from Weyerha«tser Company under the des-snattons CF416, 

'""■x'l^lC'L usefi. in Ute present invention can ^ be pre^ea.^ 
pdor to use with the pres«« mve«ioa This pr«re.tme.t ma, ^"^^^^ 
Ltmen. such as subjecting fib«s to ste»n. or chemrcd tr«.».ent, for ex^ple, 
rZii* .he ceUuil.se fibers using any of a vadety of conventional crosshnbng 
IZ J as dimeUtyldihydro^Chylen-rea. Crosslinldng the 
iLases their resiliency, and thereby can improve their absorbency. The fibers may 
'rrJLd or cHmped, as desired. Suitable crossUn^ed cellulose fibers pro*^ced 
from southem pine are av^lable from Weyerhaeuser Company under the 
MJB416. CroLinked cellulose fibers and methods for their preparatton are drsdo^ 
Hs. Paten. No. 5,225,047, issued July 6. .«3, "^--^f^ ^^ 

Products and Method Per Their Preparation." expr^ly -oorporated herem by 

'''"■^though no, to be construed as a Unutation, examples of pretreating fib^s 
indude the apptation of fire retarda^s to the fibers, and surfactants or other 1,^. 
"Tas wa,^ or solvents, which modi^ the surface chemistry of the fibers. Other 
Tr^^ments include incorporation of antimicrobials, pigment '^^^^^ 
sILn« agents Fibers pretreated with other chemicals, such .3 tftennoplasttc mi 
:r Csins^solybeused. Con*--"^ ,12 ^ 
employed Similar treatments can also be applied after the compostte formafon m 

^°""°^l':rrtre.tedwi.hp.rfiolebMersand.orde.slfi«^^^^^^^^ 
known in the art can ako be «nploy«i in «:oordance with the present mventton. The 
!Ze binders serve to attach other materi^s, such as cellulosic fiber superabsorbe . 

as weU as others, to the cellulosic fibers. Cellulose fib„s 
soiUble particle binders and/or densifteation/soflness aids and the process tot 
::l:them.thc.lulosefibersaredisclo.din«.fo,^^^^^^^ 



35 



n T m Paten. No 5 543,215, enfitW "PolymeHo Binders for 

^^i::r. - 5,53.^3, -.^^^^ 
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Or^c Binden, to, Binding P^Udes «. Fib»s-; (3) Paten. No 5 300,192, en« ed 
^„ Uid Fiber Sheet M».u6ctuHng With Reactlvatable Bmders tor Bmdmg 
prides to Binders- (4)P«en.No. 5,352,480, entiUed "Method for Bindmg Pan.* 
^ Fibers using Reactivatable Binders-; (5, Patent No. ^"'^ J-^ 
5 Binder, for High-Bulk Fibers"; (6) Serial No. 07/931,279, fled Aug^M 17. 19% 
entitled "Particle Binders that Erftance Fib« Dertsfi^tton ; 
NO. 08/107,469, Sled August 17, 1993, en«tled "Panicle B™ders ; TO W 
No. 08/108,219. aied August 17. 1993, entUled "Panicle Bindn« » Rt«" ■ ' 
serial No. 08/107.467. ««1 August 17. 1993. entiUed "Binders for B,nd»g Water 
,0 soluble Panicles U. Fibers'; (10) Paten. No. 5.547.745, entitled -^-^'i^'f"'- 
(11) Serial No. 08/108.218, filed August 17. 1993, entitled "Part-c^ Bmd,ng o 
Fibm- and (12) Paent No. 5,308,896, enthled "ParMcle Binders for Hrgh-Bu k 
Fibers," all expressly incorporated herein by reference. One example of a surtaU. 
densiScation/softness aid is a nature of 70«/. sorbitol and 30% S'y"""- 
15 composite is treated with sorbitol and glycerin by spraying the compoa,.e .he 
mixture and passing the composite through a roll coater. or other means of «id.ng a 
liouid to a composite famiUar » ftose skilled in Ae art. 

Materials that a*an« absorbent capadty. sud. as super.bso.bent polymers 
c«, dso be combined wi«. U,e unhary absoAen. Uyer of .he presen, invennon. A 
20 superabsorben. polymer as used herein is a polymeric material that ,, cap.We of 
abLriHng large quantities of fluid by swelling and fonmng a hydra ed fi^ ^^ 
The superabsorbou polymers also can retain slgnifican. amounts of bod.ly flu.ds 
under Lerate pressures. Superabsorben. polymers generally f-1 in.o toe dasse^ 
namely. s.arch graft copolymers, crosslinked carboxy«e.hyl«llulose denvahves »d 
25 modlM hydrop«c polyacryUles. Examples of sud, absorben. pclym^ - 
hydrolyzed starch-acryloniuile graft copolymer, a neutraUzed ^"^^"^^ 
copolymer, a saponified acrylio add ester-vinyl acetate copolymer, a hydroly^d 
a^o^tfle cop^ymer or acrylamide copolymer, a modified crossl,n.ed polyv.nyl 
,,Ll.aneu,ralizedself-aosslinkingpolyacrylicacid.acrosslinkedpolyacryl^^^^^^^^^ 

30 cari,oxyia.ed cdlulose. and a neutraW crossiirked .sobutylene.male.c a^j^e 
copo^. The superabsorbent polym™ materials can be combmed w,* *e Uy^ 
aJLramoun.s up .0 abou. 5%, and preferably abou. 2%, by we-gh. based on fte 

total weight of the layer. « 
Superabsorben. polymers are available commercially, for ex.n,ple. larch paft 
35 p„ly.cyU.ehydrogel fines from Ho.chs.-Cdanese of Po«smouU.V.rgm«. These 
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superabsorbent polymers come in a variety of sizes, morphologies and absorbent 
properties. These are available from Hoechst-Celanese under trade designations such 
as IM 1000 and IM3500. Other superabsorbent particles are marketed under the 
trademarks SANWET (supplied by Sanyo Kasei Kogyo Kabushiki Kaisha). SUMKA 
5 GEL (supplied by Sumitomo Kagaku Kabushiki Kaisha). which is suspension 
polymerized and spherical, as opposed to solution polymerized ground partcles 
FAVOR (supplied by Stockhausen of Greensboro. North CaroUna). and 
NORSOCRYL (supplied by Atochem). Other superabsorbent polymers are descnbed 
inU S Patent No. 4.160,059; U.S. Patent No. 4.676,784; U.S. PatentNo. 4.673.402; 
10 U S Patent No. 5.002.814; U.S. Patent No. 5.057.166; US. Patent No. 4.102.340; 
and U S Patent No. 4,818,598. expressly incorporated herein by reference. Products 
such as diapers that incorporate superabsorbent polymers are shown in US. Patent 
No 3 669,103 and U.S. PatentNo. 3,670,731. 

' The unitary absorbent layer of the present invention is formed by combirang a 
15 fibrous material (i.e., one or more hydrophilic fibers optionally in combination witii 
one or more hydrophobic and/or synthetic fibers) with a binder. As used herein, the 
term "binder^' refers to a system that is effective in intertwining and/or bonding the 
fibers to each other and/or the fibers of the binder. Suitable binders include bondmg 
agents such as thermoplastic and thermosetting bonding agents, and soluble bondmg 
20 mediums used in combination with solvents. Alternatively, the absorbent layers 
hydrophilic fibers can be mtertwined and/or bonded through a mechanical process 
including, for example, hydroentanglement, embossing, tenderizing, and needling 

processes. . . 

Suitable binders include bonding agents, such as cellulosic and synthetic 

25 fibrous materials, and soluble bonding mediums as described below. In one preferred 
embodiment, the binder is a synthetic fibrous material, such as Celbond® (Hoechst 
Celanese) and D.271P® (DuPont). In another preferred embodiment, the binder 
includes a soluble bonding medium, more preferably ceUulose acetate used in 
combination with the solvent triacetin. Generally, the binder is included m the 

30 composite in an amount up to about 30%, and preferably about 20%. by weight of the 
total composite. 

Bonding agents usefiil in the binder in accordance with the present invention 
are those materials that (a) are capable of being combined with and dispersed 
throughout a web of cellulosic fibers, (b) when aaivated. are capable of coating or 
35 otherwise adhering to the fibers or forming a binding matrix, and (c)when 
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deactivated, are capable of binding at least some of the fibers together. The use of 
bonding agents vdth ceUuIose fiber webs is disclosed in U.S. patent application Senal 
No. 08/337.642. filed November 10. 1994. entitled "Densified Cellulose Fiber Pads 
and Methods of Making the Same," expressly incorporated herein by reference. 
5 Suitable bonding agents include thermoplastic materials that are activated by 

melting at temperatures above room temperature. When these materials are melted. 

they will coat at least portions of the cellulose fibers with which they are combmed. 

When the thermoplastic bonding agents are deactivated by cooling to a temperature 

below their melt point, and preferably no lower than room temperature, the bondmg 
10 agent wUl upon solidifying from the melted state cause the cellulose fibers to be bound 

in a matrix. . 

Thermoplastic materials are the preferred binders, and can be combmed with 
the fibers in the form of particles, emulsions, or as fibers. Suitable fibers can include 
those made from thermoplastic polymers, cellulosic or other fibers coated with 
15 thermoplastic polymers, and multicomponent fibers in which at least one of the 
components of the fiber comprises a thermoplastic polymer. Single and 
multicomponent fibers are manufactured from polyester, polyethylene, polypropylene 
and other conventional thermoplastic fiber materials. The same thermoplastics can be 
used in particulate or emulsion fonn. Many single component fibers are commercially 
20 available. Suitable multicomponent fibers include Celbond® fibers, a bicomponent 
fiber available from Hoechst Celanese Company. Suitable coated fibers can mclude 
ceUulose fibers coated with latex or other thermoplastics, as disclosed m U.S. Patent 
No 5 230 959 issued July 27, 1993. to Young et al., and U.S. Patent No. 5,064,689, 
issued November 12, 1991. to Young et al. The thermoplastic fibers are prefer^ly 
25 combined with the cellulose fibers before or during the laying process. When used m 
particulate or emulsion form, the thermoplastics can be combined with the ceUulose 
fibers before, during, or after the laying process. 

Other suitable thermoplastic bonding agents include ethylene vinyl alcohol, 
polyvinyl acetate, acrylics, polyvinyl acetate acrylate, polyvinyl dichloride. ethylene 
30 vinyl acetate, ethylene vinyl chloride, polyvinyl chloride, styrene, styrene acrylate, 
styrene butadiene, styrene acrylonitrile. butadiene acrylonitrile. acrylonitrile butadiene 
styrene, ethylene acrylic acid, urethanes, polycari)onate, polyphenylene oxide, and 

polyimides. ^ . * 

Thermosetting materials also serve as excellent bonding agents for the present 
35 invention. Typical thermosetting materials are activated by heating to elevated 
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colntog i. with a .Uabl. c^ssltaklng culys. before or " ^ 
to celblosic Sber. Th«mo^nE resta can be d»cuv..«l by allow,ng .he 
cossUridng process to ™» «. co^pleUon or by cooling to >— ^ 
„bid, point orosslinking ceases. When crossUnked. .. .s 
lloLng mateHsls fonn a natHx to bond the ce,,a>o. fibers. It ,s ^^^at^ 
that other types of bonding agents can al^ be employed, for example, fltose that are 
«i.h steam, moisture, micros... energy, and o«,er convenfonal 

means of activation. . . , , 

Ihermosetdng bonding agents suitable for the present »tve«.o„ mdud 

ohenoUc resins, polyvinyl acetates, me. formaldehyde, melamine formaldehyde, and 

LyUcs Other thennos«ting bonding agents include epoxy. phenoUc, b.smale.m.de. 

polyinnde,melamlnefoin>aldehyde, polyester, urethanes. and urea. 

These ho»ii«g agents are normally combined with the fibers m the form of an 

.,ueous emulsion. They can be combined with the fibers during the layng process. 

Ahematively.theycanbesprayedontoaloosewebafterithasbeenformed. 

AS noted above, the binder utilized in accordance ™th the ~ 
also be a soluble bonding medium Uu. can be incorporated '^^ ^'^ 
cellulosic fibers, either in fiber form, or as p^tide. or granules. If desn d. Ae 
, hondtag medium can also be coated onto solvent insotable fiber, -h - — 
fibers, which can then be distributed throughout the matnx of pulped eHulos-c fibe s^ 
Tis resenUy preferred ttat the bonding n^um comprise a fiber and be m,«d w^h 
LLlosic fibers during, fbr example, the fonnation of a fluff «eh by 
ZLL^ air-laid processes. The use of soluble bonding med,ums »,* oe^ulo«= 
5 Zv-ebs is disclosed inU. S. paten, application No. 08,669,406 fi^,^ 
,996, entitled "Bibrous Web Having Improved Strength and Method of Malcmg the 
Same " expressly incorporated herein by reference. 

The solvents employed in accordance with the present mvenfon must of 
course be capable of partially soh.biMng the bonding medium as descnbed abov. 
,0 Z solvents must be able to partially dis^ps» or nagrate fiom the su,*,ce of *e 
Lndmg medium to aUow U,e bondi^ medium to resolidify after par.,al sdub,U^^ 
Non«,Le solvems may be dissipated in mo« par. b, 

medium It is preferred that the solvent be of Um..ed volatihty, so .tot hnle or no 
:trwill be lost to the atmosphere. By «ed volalihty it U mean. « «,e 
35 has a vapor pressure of 29 ISa or less a. 25-C. Using a solvent of hm«ed voWtty 
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may mitigate precautions usually necessary to control volatiles. and reduces the 
Zunt of solvent required to partially solubUize the bonding medium. In ad^Uo^n 
use of solvents of limited volatility may eliminate the attendant P-^-^ Pf 
encountered ^vith volatile solvents, many of which are flammable and must be handled 
5 Xare. The use of solvents of limited vo.atUity may dso reduce "tal 
problems. Furthermore, it is desirable for solvents to be nontoxic -d cap^le of 
being dissipated from the surface of the bonding medium without adversely afFectmg 
the overall strength ofthe bonding medium. 

Preferred bonding mediums and solvents of limited volatility are listed m the 

10 table set forth below. 



^nndinp, Medium 



cellulose acetate 



cellulose nitrate 
cellulose butyrate 

vinyl chloride/vinyl acetate copolymer 
ceUulose fibers coated with polyvinyl acetate 



Solvent 
triacetin 

propane diol diacetate 
propane diol 
dipropionate 
propane diol dibutyrate 
triethyl dtrate 
dibutyl phthalate 
triacetin 
triacetin 
triacetin 
triacetin 



Of the several bonding mediums Usted. cellulose aceUte is the most prefe|Ted. 
During manuactur. of ceUulos. acetate Sbers, a finish is usually applied to the fibers^ 

deuacts from the petfonnance as a bonding medium. T^e presence of a fim^h 

aifec. the development a, well as the strength of the bonds, t h.^ b.» 
found that when the bonding fibers are as straight as possible as opposed to curW « 
kinked they provide more contact points with Ute cellutac fibers, and fltu the final 
,„ "»„lde"op better strength. Simil-'y. ^^-^ f ™ ^-^^"^ 

reasonably possible, the strength of flte final web is .ncreaW. In addmon the 
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foregoing, cellulose ethers and other ceUulose esters may also be used as bonding 
medium. Acetylated pulp fibers may also be used as bonding medium and may be 
substituted v«th any number of acetyl groups. A preferred degree of substitution 
(D S ) would be 2 to 3, and a most preferred D.S. would be 2.4. 
5 The solvents used in combination with the bonding medium can be added m 

varying amounts. Strength is adversely affected if too little or too much solvent is 
added At a cellulose acetate/pulp weight ratio of 10:90, it has been found that the 
solvents, and particularly triacetin, provide good strength when added m amounts 
ranging from 6% to 17%. and most preferably in the range of 9% to 14%. based on 
10 the weight ofpulp fiber present. 

The preferred forms of the solvents propane diol diacetate, dipropionate. and 
dibutyrate are the 1.2 and 1.3 forms. Other suitable solvents that work in 
accordance with present invention are butyl phthalyl butyl glycolate, N-cyclohexyl- 
p-toluenesulfonamide, diamyl phthalate, dibutyl phthalate, dibutyl succinate, dibuty 
15 tartrate, diethylene glycol dipropionate. di-(2-ethoxyethyl) adipate. di-(2-ethoxyethyl) 
phthalate, diethyl adipate. diethyl phthalate, diethyl succinate, diethyl tartrate, di- 
(2-methoxyethyl) adipate, di-(2-methoKyethyl) phthalate, dimethyl phthalate, dipropy 
phthalate. ethyl o-benzoylbenzoate, ethyl phthalyl ethyl glycolate, ethylene glyco 
diacetate, ethylene glycol dibutyrate, ethylene glycol dipropionate methyl 
20 o-benzoylbenzoate, methyl phthalyl ethyl glycolate, N-o and p-tolylethylsulfonamide. 
o-tolyl p-toluenesulfonate, tributyl citrate, tributyl phosphate, tributyrin, tnethylene 
glycol diacetate. triethylene glycol dibutyrate. triethylene glycol dipropionate, and 

tripropionin. . u ^ u-iv 

Preferably the binder is integrally incorporated into or onto the hydrophilic 
fibrous web that is formed in the production of the unitary absorbent layer. The 



25 



binder can be added to pulp prior to web fomiation, by applying the binder to the air- 
laid web after web deposition, after drying, or a combination thereof 

Additives can also be incorporated into an unitary absorbent layer of the 
present invention during layer formation. The advantage of incorporating the 
30 additives during composite formation is that they will also be attached to the 
acquisition matrix by certain of the solvents and bound in the matrix by the bonding 
medium This provides a significant advantage in that the additives can be dispersed 
and retained throughout the matrix where desired. For example, the additives may be 
evenly dispersed and retained throughout the matrix. Additives that can be 
35 incorporated into the matrix include absorbent capacity enhancing materials such as 
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superabsorbent polymers, adsorbents such as clays, zeolites and activated carbon 
bnLeners such as titanium oxide, and odor absorbents such as sodium bicarbonate. 
SoLnts can also reduce the dusting caused by the additives or the pulp itself because 
more of the fines are attached and bound to the matrix by the bonding medium. 
5 In another aspect, the present invention provides a method for producing a 

unitary absorbent layer. The unitary absorbent layer of the present invention can be 
formed by an air-laid process including, for example, air-laid ^veb forming techniques 
knov^ to those of ordinary skill in the pulp processing art. Wta~Fj- 
of air.laid processes are disclosed in U.S. patent applications: SenalNo. 08/337 642 
10 filed November 10, 1994. entitled "Densified CeUulose Fiber Pads -d Met^ds o 
Making the Same," and Serial No. 08/669,406, ffled July 3, 1996. entitled Tibrous 
Web Having Improved Strength and Method of Making the Same." both expressly 
incorporated herein by reference. 

The unitary absorbent layer of the present invention generally has a ba« 
15 weight from about 10 to about 1500 g/m^. and preferably from about 20 to about 
500 g/m2. In a more preferred embodiment, the absorbent layer has a basis weight m 
the range from about 40 to about 400 g/m^. 

The absorbent layer of the invention is useful as an acquisition layer, which 
preferably has a low density for rapid liquid acquisition. Thus, the unitary absorbent 
20 layer is preferably an undensified layer. Generally, the unitary absorbent layer has a 
density Lm about 0.02 to about 0.2 g/cm3, and preferably from about 0.04 to about 

^The absorbent layer of this invention effectively bonds the fibers of the layer 
The bonding is such that a representative layer formed in accordance with the pres^ 
25 invention increases in density from about 0.04g/cm3 (dry density) to about 0.08 g/cm 
(wet density) on liquid acquisition. r ui 

Because the uoitary absorbent layer of the taventio. .s ptrferably an 
undensified layer, production methods used in connecUon *' "r 
preferably do not include subjecting the absorbent layer, or absorbent arttcles ttat 
30 Lorporate the absorbent layer, to den.ifica.ion conditions. For example ,n he 
production of diapers that incorporate d.e absorbent layer of the present — >. 
abso,b«« layer is preferably incorporated into the diaper after the draper as b^ 
subjected toL appUc^ion of pressure such a. for example, be,ng passed drrough a 
calender roll. 
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The unitary absorbent layer can be produced in a number of forms including 
sheets and rolls, and having a variety of thicknesses. 

The unitary absorbent layer of the invention is generally characterized as 
having increased wet integrity (i.e.. increase resistance to wet collapse) compared to 
5 conventional acquisition layers. The increased wet pad integrity of the absort,ent 
layer of this invention prevents wet collapse and tearing of the composite dunng hqmd 
insuk and thereby avoids leakage during insult from absorbent articles that 
incorporate the acquisition layer. 

The unitary absorbent layer of the invention also has increased pore size 
10 uniformity compared to conventional acquisition layers. The composite's uniform 
pore size is maintained during liquid insult and thereby effectively facilitates transport 
and distribution of the acquired liquid from the point of initial insult to other portions 
of the composite and, ultimately, to the absorbent article's core or permanent storage 
layer where the liquid is finally absorbed. 
15 Depending upon the nature of the absorbent construct, an absorbent article 

incorporating the unitaiy absorbent layer may include one or more additional layers 
such as a core layer (i.e., permanent storage layer) (see. for example, FIGURES 3-5). 
In such a construct, in addition to rapidly absorbing the acquired liquid, the layer has 
absorbent capacity sufficient to temporarily hold the acquired liquid and therefore 
20 provide time sufficient for the core layer to permanently absorb liquid from the layer. 

As noted above, the unitary absorbent layer can be incorporated m an 
absori,ent article as an absori^ent acquisition/distribution layer. The absorbent layer 
can be used alone, or as illustrated in FIGURE 1, can be used in combination with one 
or more secondary layers. In FIGURE 1, unitary absorbent layer 10 is employed as 
25 an upper acquisition/distribution layer in combination with a storage layer 20 
composed of. for example, a fibrous web. Storage layer 20. if d^^i-^ l^ f ° 
comprise a densified layer of bonded cellulose fibers. As illustrated in HGURE 2 a 
third layer 30 (e.g., a core or retention layer) can also be employed, if desired, with a 
storage layer 20 and unitary absorbent layer 10. If desired, the retention layer 30 can 
30 also be composed of a fibrous web such as, for example, densified bonded ceUulose 

fibers. i_ I. * 

A variety of suitable constructs can be produced from the umtary absorbent 
layer The most common include absorptive consumer products such as diapers, 
feminine hygiene products such as feminine napkins, and adult incontinence products. 
35 For example, referring to FIGURE 3. an absorbent article 40 comprises umtary 
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absorbent layer 10 and ar. underlying storage layer 20. A liqmd Pe-ous fa.ng 
sheet 16 overlies unitary absorbent layer 10, and a liquid impervious backing sheet 18 
underUes the storage layer 20. The unita^ absorbent layer will provide advantageous 
liquid acquisition performance for use in, for example, diapers. The capillary 
Icture (i.e.. pore size, pore size uniformity, and permeability) of the acqmsmon 
layer will aid in fluid transport in multiple wettings. Generally, the storage layer 20 
includes a fibrous web. for example, a strengthened web of cellulose fibers, and may 
also incorporate additives, such as superabsorbent polymers to significantly mcrease 
the absorbent capacity ofthe storage layer 20. 

The article of HGURES can be assembled such that unitary absorbent 
layer 10 is brought into contact with the storage layer 20 while the binder in the latter 
is still active. Such a procedure wiU aUow the storage layer to bond to at least the 
lower surface of layer 10, and thus eliminate the need to use hot melt glues to bond 

adjacent layers. i u- ^ k« 

A stronger bond between layer 10 and the storage layer 20 can be achieved by 
contacting the layer with the storage layer while the layer's binder is still activ. 
Similarly, laying the storage layer 20 on the backing sheet 18 while the bmder oHhe 
storage layer is stiU active results in ti^e bonding of layer 20 to tiie baclang sheet 18. 
In a similar mam>e, layer 10 may be bonded to the feeing sheet 16 by laymg the 
facing sheet on layer 10 while the binder therein is still active. Interbondmg between 
layers can generaUy enhance and fiirther facilitate fluid transport across the layer 

""'^"^"The construct in FIGURE 3 is shown for purposes of exemplifying a typical 
absorbent article, such as a diaper or feminine napkin. One of ordinary skUl will be 
able to make a variety of different absorbent constructs using ti.e concepts taugh 
herein. For example, a typical construction for an adult incontinence absorbent 
structure is shown in FIGURE 4. The article 50 comprises a facing sheet 16, umtaiy 
absorbent layer 10, a storage layer 20. and a backing sheet 18. The feeing sheet 1 .s 
pervious to liquid while the backing sheet 18 is impervious to liquid. In his 
30 construct, a liquid pervious tissue 22 composed of a polar, fibrous matenal is 
positioned between layer 10 and storage layer 20. 

Referring to FIGURE 5, another absorbent article includes a backing sheet 18, 
a storage layer 20, an intermediate layer 24, unitary absorbent layer 10, and a facing 
sheet 16. The intermediate layer can be incorporated into tiie article to increase the 
35 article's integrity or as a distribution layer to enhance the distribution of hquid fi:om 



25 
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15 



• • « or t« the storaee layer The interaiediate layer 24 contains, for 

wS,1rt combine. iu« pHor ■» fcnnin. *e a«* The in— e 
:^4 »„ .ta. bond .0 bo* unitary absorbcn. layer 10 and .he storage^^^ 

Js,™ an absort-en. artde having sig,»Scan.ly more imegnt, *a„ one ,„ wtach 
uni,^ abaorben, layer and storage layer are no, bonded .o ^ ^ 
hydrophilidty of layer 24 can be adjusted in «h a way as to create a MtophtoW 
^t„. antong layers ,0, 2. and 20. It should be understoo^ « » 
Lrmediate layer ,s not required to order to get layer to layer '"■^"S- ^ ? 
two adiaoent layers or both layers co,»am a binder, if the two layers are brough 
"XlntLbondingmediutn is still acav^ bo.dingbetween.be two laye.^ 

o^^ provide a stronger composite compared to a con,pos«e ladtrng any 

■"^'ihe unitaty absotben. layer of the present invention '-P-' 
totegHty, surftce d^ess. rewe. performance, and ac<,u,st,ton f 
produa and article, that incorporate .he absorbent layer. Theumtary 
L provides increased pad inte^lty, improved appearance, and a — » ^ 
collal during use for absorOent products that mcotporate .he composite^ 
^^talre because the ututaty absorbent Uyer can be manufactured «>d dehvered 
,0 L " absorbent product manufacturing processes .ha. — 
;:^ are simpUfied relative to manufacturing processes .ha, involve the handhng of 
halesofcrosslinked fibers or fluff pulp. 

Z following example is provided tor .he ^rpose of iBus,ra«o„. and no. 

limitation. 

EXAMPLE 

25 

X7ri*'-" f AhgnrhentLay ^rTfnrmation 
This example iUustrates a n,e*od for fbmitog a representative umtaty 
3^ he present invention In m example, the uni.a,y absorben. layer 

of 85% oosslinked cellulose fibers (Weyerhaeuser Co.) and 15/. 
30 rZ'a pZ:.- po^ethylene bicompon^t «ber commercia.y available 
fromDanaklon, Inc.). 

^'"Sed cellulose «bers and Danaiaon* were placed to a plastic bag and 
mixed thoroughly with an air stream. 
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SheetFonnation , , 

A pinmill was used to "open" the fibers. The resulting fibers were then evenly 
distributed on a tissue by slowly metering the addition of the crosslinked cellulose 
fiber- Danaklon® mixture into the air former. 

The representative unitary absorbent layer was produced by placmg the 
resulting air sheet in a through air dryer to effect bonding. 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
departing fi-om the spirit and scope of the invention. 
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The embodiments of the invention in v^hich an exclusive property or privilege 
is claimed are defined as follows: 

1. An air-laid absorbent layer comprising crosslinked cellulosic fibers and 
a binder, wherein the layer is an undensified layer. 

2 The absorbent layer of Claim 1 wherein the crosslinked ceUulosic fib^s 
are present in an amount from about 5 to about 95 percent by weight of the total 
composite. 

3. The absorbent layer of Claim 1 fiirther comprising noncrosslinked 
cellulose fibers. 

4. The absorbent layer of Claim 1 fiarther comprising synthetic fibers. 

5 The absorbent layer of Claim 1 wherein the synthetic fib^s are 
selected from the group consisting of polyethylene terephthalate. polyethylene, 
polypropylene, nylon, and rayon fibers. 

6. The absorbent layer of Claim 1 wherein the synthetic fibers have a 
length up to about 0.75 inch. 

7. The absorbent layer of Claim 1 wherein the synthetic fibers have a 
length fi-om about 0.25 to about 0.50 inch. 

8. The absorbent layer of Claim 1 wherein the synthetic fibers have a 
denier fi-om about 5 to about 20. 

9. The absorbent layer of Claim 1 wherein the synthetic fibers are 
crimped fibers. 

10 The absorbent layer of Claim 1 wherein the binder is present in an 
amount up to about 30 percent by weight of the total composite. 

n The absorbent layer of Claim 1 wherein the bonding agent is selected 
fromthe group consisting of thermoplastic and thermosetting bonding agents. 
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12. The absorbent layer of Claim 11 wherein the thermoplastic bonding 
agent is a multicomponent bintting fiber. 

13. The absorbent layer of Claim 1 wherein the absorbent layer has a basis 
weight from about 40 to about 400 g/m^ 

14. The absorbent layer of Claim 1 wherein the absorbent layer has a 
density from about 0.04 to about 0.10 g/m'. 

15. The absorbent layer of Claim 1 wherein the absorbent layer has 
substantially umform pore size. 

16. The absorbent layer of Claim 1 further comprising a superabsorbent 
polymeric material. 

17 An air-laid absorbent layer comprising crosslinked cellulose fibers and 
multicomponent binding fibers, wherein the layer is an undensified layer. 

18 The absorbent layer of Claim 17 wherein the crosslinked fibers are 
present in an amount from about 70 to about 90 percent by weight of the total fibers. 

19 The absorbent layer of Claim 17 wherein the multicomponent binding 
fibers are present in an amount from about 10 to about 30 percent by weight of the 
total fibers. 

20. The absorbent layer of Claim 17 fiarther comprising polyethylene 
terephthalate fibers. 

21, The absorbent layer of Claim 17 wherein the crossUnked fibers and 
binding fibers are thermally bonded. 

22 An absortjent article comprising an air-laid absorbent layer comprising 
crosslinked cellulosic fibers and a binder, wherein the layer is an undensified layer. 

23 An absorbent article comprising: 

(a) a liquid pervious topsheet; 

(b) an air-laid absorbent layer comprising crosslinked cellulosic 
fibers and a binder, wherein the layer is an undensified layer; and 

(c) a liquid impervious backsheet. 
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24. An absorbent article comprising: 
fa^ a liquid pervious topsheet; 

(b) an air-laid absorbent layer comprising crosslinked celtolosrc 

--»-^t'"T:r=r^t— ---- 

(d) a liquid impervious backsheet. 

25 An absorbent article comprising: 

(a) a liquid pervious topsheet; 

(b) an air-laid absorbent layer comprising crosslinked ceUulosic 
fibersandabinder.whereinthelayerisanundensifiedlayer; 

(c) a storage layer comprising an absorbent fibrous matenal, 

(d) an intermediate layer interposed between the absorbent layer 

and the storage layer, and 

(e) a liquid impervious backsheet. 

26. The absorbent article of Claim 25 wherein the intermediate layer 
comprises a liquid pervious tissue. 

27. The absorbent article of Claim 25 wherein the intermediate layer 
comprises a distribution layer. 

28. The absorbent article of Claim 27 wherein the distribution layer 
comprises hydrophilic fibers and a binder. 

29. The absorbent article of Claim 28 wherein the hydrophilic fibers 
comprise crosslinked cellulosic fibers. 

30. The absorbent article of Claim 27 wherein the distribution layer fiarther 
comprises superabsorbent polymeric material. 

31. The absorbent article of Claim 23 wherein the article is a feminine care 
product. 

32. The absorbent anide of Claim 24 wherein the artide is a diaper. 

33. The absorbent «ticle of CWm 26 wherein the artide is an i„contine«=e 
product. 



wo 98/24960 



-20- 



PCT/US97/23152 



34. ■ The absoAen. «ticle of Claim 27 »hemn the article is a diaper. 

35. A HKthod for fbnring ». unitary absotbem layer comprising the steps 

combinmg crosslinlced ceUulosic fibers and a binder to provide a fibrous 

"°"*""i,epositing the fibrous nuxture on a foranunous suppon «. provide a fibrous 
""'°'il"^h. fibrous con,posi,e.o.frectthe.n»,bondingbe.»eend.e fibers and 
binder to provide a unitary absorbent layer. 

36. The method of Claim 35 wherein the binder is a bonding agent. 

37. The method of Claim 36 wherein the bonding agent is a thermoplastic 
bonding agent. 

38. The method of Claim 37 wherein the thermoplastic bonding agent is a 
multicomponent binding fiber. 
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